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Recent studies have indicated that some leukaemic cells are
more sensitive to heat than normal bone marrow progenitors
(Flentje et al., 1984; Moriyama et al., 1986). Based on these
observations, hyperthermia, whole body hyperthermia or in
vitro purging of leukaemic bone marrow by heat prior to
autologous bone marrow transplantation, have been con-
sidered as potential treatment modalities for leukaemia as
well as localised cancers (Robins et al., 1984; Moriyama et
al., 1986). However, the mechanism for selective killing of
leukaemic cells by heat is unclear. Exposure of cells to
elevated temperature induces rapidly a group of specific
polypeptides known as heat shock proteins (hsp). It has been
demonstrated that the increased synthesis of hsp correlates in
time with the appearance of heat resistance in mammalian
cells, indicating that one of the functions of hsp may be to
protect cells from heat-induced damage (Laszlo & Li, 1985;
Johnston & Kucey, 1988). On the other hand, recent reports
have suggested that hsp cognates (hsc), which are con-
stitutively synthesised and slightly heat-inducible, may func-
tion in cell growth and differentiation (Carper et al., 1987).
In the present study, we investigated the hsp synthesis in
normal human lymphocytes and leukaemic cells in order to
detect possible differences.
Peripheral blood or bone marrow mononuclear cells were
isolated by the Ficoll-Hypaque method from four normal
volunteers and 12 patients with leukaemia or lymphoma, in
which more than 90% of white blood cells were neoplastic.
These included six patients with acute myelogenous
leukaemia (AML), one patient with acute lymphoblastic
leukaemia (ALL), two patients with chronic myelogenous
leukaemia in blastic crisis (CML-bc), one patient with adult
T cell leukaemia (ATL), one patient with chronic lym-
phocytic leukaemia (CLL) and one patient with non-
Hodgkin's malignant lymphoma (ML) in leukaemic phase.
The cases of acute leukaemias were classified according to the
French-American-British (FAB) recommendations (Bennett
et al., 1976, 1985). Immunological phenotypes of lymphoid
cells were defined by reactivity to monoclonal antibodies.
Three human leukaemic cell lines, KG-1, HL-60 and MOLT-
4, were provided by the Japanese Cancer Research Resources
Bank (Tokyo, Japan). The cell lines and the mononuclear
cells from volunteers and patients were suspended in
methionine-free Eagle's minimal essential medium. The cells
in suspension were submerged in a water bath at 37°C or
42'C for 1 h, then labelled for the following 1 h at each
temperature with "5S-methionine (NEN Research Products,
Boston, USA) as described previously (Yufu et al., 1989).
After labelling, the cells were washed and total extracts were
lysed for electrophoresis. One-dimensional sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
and two-dimensional PAGE were performed as described by
Yufu et al. (1989). For a differentiation experiment, HL-60
cells were treated with 1.3% (v/v) dimethyl sulphoxide
(DMSO, Wako Pure Chemical Industries Co., Osaka, Japan)
for 72 h.
A typical response to heat shock in human cells (Welch &
Feramisco, 1982; Pelham, 1986; Haire et al., 1988) was
observed in lymphocytes from normal volunteers, a rapid
induction of major hsp with molecular weights of approx-
imately 90,000 (hsp90), 72,000 (hsc70) and 70,000 (hsp70)
(Figure IA). No notable amount of the constitutive form of
hsc90 or hsc70 was detected by one-dimensional SDS-PAGE,
but these could be identified by two-dimensional SDS-PAGE
(Figure 2, LYM). Compared with lymphocytes, leukaemic
cells showed heterogeneous responses to heat shock which
could be classified into three distinct patterns by one-
dimensional SDS-PAGE: (a) all three major hsp (hsp90,
hsc70, hsp70) heat-inducible, no notable amount of con-
stitutive hsc, similar to normal lymphocytes (Figure IB, a);
(b) hsp90 and hsp70 inducible, while hsc70 not inducible, no
notable amount of constitutive hsc (Figure IB, b); (c) hsp90
and hsp70 inducible, a significant amount of constitutive
hsc90 detected (Figures 1B,c and 2, AML). The protein
induced by heat in the 70 kDa range in Figure B,b was
determined as hsp70 according to its molecular weight and
isoelectric point (Figure 2, ALL). Although hsp70 and hsc70
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Figure 1 Electrophoretic analysis by 10.5% SDS-PAGE of "5S-
methionine-labelled proteins from unstressed (37°C, left lane in
each pair) and from heat-stressed (42TC, right) cells. Equal cell
numbers were applied to each lane. Only portions ofthe gels with
interest are shown. A, Normal lymphocytes. Three major hsp
(hsp9o, hsc70, hsp7o) are induced under heat-stressed conditions.
B, Leukaemic cells. a, Three hsp are induced by heat. Arrows
show hsc70. b, hsp90 and hsp7o are induced by heat, whereas
hsc70 is not induced. c, A large amount of hsc90 indicated by
arrowheads is noted without heat shock. Subtypes of acute
leukaemias according to the FAB classification are shown in
parentheses.
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Figure 2 Two-dimensional electrophoretic analysis of 35S-methionine-labelled proteins from control (C) and from heat-stressed
(HS) cells. Equal cell numbers were analysed on pH 3.5-10 isoelectric focusing (IEF) gels followed by 10.5% SDS-PAGE. The
acidic end of the gel is to the right. Only portions with interest are shown. LYM. Normal lymphocytes. Both of hsc70 and hsp70
are induced under heat-stressed conditions. ALL (LI). hsc70 is not induced by heat. AML (Ml). hsc90 is a major protein
synthesised in control cells.
are difficult to separate clearly even by two-dimensional SDS-
PAGE, the former has a smaller molecular weight and a
more basic isoelectric point than the latter (Welch &
Feramisco, 1982). The synthetic patterns of hsp of leukaemic
cells from patients and cell lines are summarised in Table I.
Data on hsp9O and hsp7O are omitted since all leukaemic
cells examined could synthesise those hsp in response to heat
shock. The leukaemic cells without maturation had no
inducibility of hsc70 (AML (Ml), ALL, CML-bc, KG-l). On
the other hand, those with maturation did not show a
definite tendency concerning hsc70 inducibiliy, i.e. some had
hsc70 inducibility (AML (M2), ATL, CLL, ML, HL-60,
MOLT-4), the others did not (AML (M3), AML (M4), AML
(M5), AML (M7)).
The expression of hsp has been shown to partially depend
on differentiation stage in certain cell lineages (Morange et
al., 1984; Banerji et al., 1987). We then studied the hsp
synthesis in differentiation-induced leukaemic cells in order to
know whether any changes in the inducibility of hsp occur
during differentiation. When treated with DMSO for several
days, HL-60 cells differentiate into more mature granulocytic
cells (Collins et al., 1978). As shown in Figure 3,
differentiation-induced HL-60 cells showed enhanced
inducibility of hsc70 in addition to increased synthesis of
hsp90 and hsp70.
We demonstrated here some differences in the hsp syn-
thesis between normal lymphocytes and leukaemic cells. All
leukaemic cells could preferentially synthesise major hsp,
hsp90 and hsp70, in response to heat stress as previously
reported (Vokes et al., 1989). However, a qualitative altera-
tion was noted in immature leukaemic cells, frequent non-
induction of hsc70 by heat shock. On the other hand,
Table I Summary of hsp synthesis of leukaemic cells from patients and cell linesa
FAB
Cells classification hsc7Oib hsc7Occ hsc9Ocd Phenotype
Fresh cells
Lymphocytes +
AML Ml - ++
AML M2 + - +
AML M3 n.d.e n.d.'
AML M4 - + +
AML M5 -
AML M7 - + +
ALL LI - - - Pre B cell
CML-bc - - - Myeloblast
CML-bc - - - Pre B cell
ATL + - + Mature T cell
CLL + + + Mature B cell
ML + - + Mature B cell
Cell lines
KG-1 - + + + Myeloblast
HL-60 + + + + Promyelocyte
MOLT-4 + + + + + Thymic T cell
aBased on the results obtained by one-dimensional SDS-PAGE. bInducible form of
hsc70:hsc70whichisinducedinresponsetoheatshock. cConstitutiveformofhsc70:hsc7O
which is detectable without heat shock. dConstitutive form of hsc90: hsc90 which is
detectable without heat shock. 'Not determined.HSP IN HUMAN LEUKAEMIC CELLS 67
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Figure 3 Comparison between synthetic patterns of hsp from
untreated (A) and from DMSO-treated (B) HL-60 cells. Equal
amounts of radioactively labelled proteins under heat-stressed
conditions were analysed on a 7.5% SDS-polyacrylamide gel.
hsc7O inducibility is enhanced after treatment with DMSO.
Molecular size markers are indicated on the left in kilodaltons.
differentiation of HL-60 cells was accompanied by increased
inducibility of hsc7O. As mentioned above, certain hsp have
been shown to be expressed in a differentiation-dependent
manner. Taken together, it appears that one of the factors
influencing hsc7O inducibility in leukaemic cells is the degree
of maturation of the cells. However, because the leukaemic
cells with maturation did not always show hsc7O inducibility,
other factor(s) must also influence it.
Another interesting observation is that some leukaemic
cells synthesised constitutively a large amount of hsc9O. All
leukaemic cell lines showed increased synthesis of hsc9O with-
out heat shock. hsp are known to be induced by various
factors other than heat stress, even by procedures for esta-
blishing primary cell cultures (Wolffe et al., 1984), but hsp9O
and hsp7O always appear in parallel when induced by
exogenous factors. Therefore, we considered that the
enhanced synthesis of hsc9O without heat shock was not an
artifact but an intrinsic feature in some leukaemic cells. It
has been shown that the hsc9O synthesis is enhanced in
regenerating rat liver cells (Carr et al., 1986) and
phytohaemagglutinin-stimulated human lymphocytes (Haire
et al., 1988) and that hsc9O binds some oncogene products
having tyrosine-specific kinase activity and also steroid hor-
mone receptors (Ziemiecki et al., 1986). On the other hand,
we previously reported that the expression of hsc9O was
markedly decreased upon differentiation induction in HL-60
cells (Yufu et al., 1989). These data suggest a role for hsc9O
in cell growth and differentiation. It is intriguing to examine
whether the presence of abundant hsc9O affects the pro-
liferative capacity of leukaemic cells.
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